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The purpose of this investigation was to obtain quantitative 
measurements of glucose, trehalose, and glycogen found in the hemolymph 
of adult cockroaches Blaberus craniifer (Burmeister) and to determine 
the glycogen content in muscle tissue extracts. Furthermore, the dynamic 
relationship of these components was measured under various levels of 
carbohydrate diets in order to observe any changes which might be 
directly attributed to the diets of these insects. All experiments were 
performed on adult cockroaches of B>. craniifer maintained at room tempera¬ 
ture and fed the following diets: (a) Gerber's mixed baby cereal, 
(b) Gerber's mixed baby cereal plus 10% starch, (c) Gerber's high protein 
cereal plus 10% gelatin, and (d) starved diet. 
Glucose in the hemolymph was determined by the glucose oxidase 
method and the anthrone method was used to measure trehalose and glycogen 
in the hemolymph and muscle tissue. 
The mean values of all three components of the hemolymph (trehalose, 
glucose, and glycogen) were essentially the same for the fed controls and 
iii 
expérimentais. However, significant differences were noted for the 
decreased carbohydrate and the starved diets. The muscle glycogen mean 
concentrations were essentially the same. However, significant 
differences were noted for the starved cockroaches. 
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Although the existence of trehalose has been known for over a 
century, it was not found in the hemolymph of insects until the last two 
decades. The work of Wyatt, Loughheed, and Wyatt (1956) showed the pres¬ 
ence of a substance that was reactive to anthrone, but it was not a 
reducing sugar, sucrose, or glycogen. 
The importance of carbohydrates as a reserve food material for 
various animal organisms is well known. A reserve food supply is 
particularly important to insects. Carbohydrate metabolism has received 
some study, but it was not until after the monumental work of Wyatt and 
Kalf (1957) that widespread research in this area began. Their work 
demonstrated that this non-reducing substance reactive to anthrone was 
trehalose (alpha-D-glucopyranosyl-l-alpha-D-glucopyranoside). This 
dis&echaride of glucose is not a reducing sugar because of the bond 
between the anomeric carbon atoms of its glucose subunits. 
Before 1957, widespread research was discouraged because only trace 
amounts of glycogen and sugar had been found in the hemolymph, thereby 
making metabolic studies very difficult. Since that time, a great deal 
of work has been done in this area by several researchers (Wyatt and 
Kalf, 1957; Candy and Kilby, 1959; Gilmore, 1961; Kilby, 1963; Satio, 
1963; Chefurka, 1964). 
The study of nutrition is important because it provides informa¬ 
tion on the site of action and metabolic function of nutrients. Many 
1 
2 
insects survive and grow on what appears to be an extremely restricted 
diet. Furthermore, carbohydrates, which form a large part of the diet 
of many insects is usually not essential, but a few insects can't develop 
without it. Such exceptions are found among insects adapted to a diet 
with a very high carbohydrate content. Thus, pests feeding on stored 
food products (Tribolium lasioderma and Ptinus) do not need carbohydrates, 
while adults of the flies Calliphora erythrocephalia and Lucilia cuprina 
do not survive without carbohydrates in the food (Lofon, 1939; Ledercy, 
1958; Webber, 1957). Several workers have studied the nutritive value 
of a series of carbohydrates for those insects in which the lack of car¬ 
bohydrates caused a marked reduction in the life span of insects. Glyco¬ 
gen is one of the main carbohydrate reserves, although its structure in 
insects is not known. In addition, glycogen is the main source of tre¬ 
halose in the blood of insects. Treherne's work (1957) has demonstrated 
that l^C-glucose was largely converted into trehalose. Glycogen is 
stored in the fat body, and also to some extent in the muscle of insects. 
In a review by Wyatt (1967), it was shown that the concentrations 
of glucose, trehalose, and glycogen found in the hemolymph of insects 
varied greatly. Based on these observations, the objectives of this in¬ 
vestigation are to demonstrate some relationships between the concentra¬ 
tions of sugars in the hemolymph and the level of glycogen in the hemo¬ 
lymph as compared to that of muscle glycogen when the cockroaches are 
subjected to various diets. Thus, this research will be directed toward 
measuring the levels of glucose, trehalose, and glycogen in the hemolymph 
as well as the muscle tissue when the adult cockroaches are fed high and 
low carbohydrate diets. We propose that these changes in carbohydrate 
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content will be useful toward ascertaining some of the mechanisms used 
by these insects to regulate carbohydrates. 
CHAPTER II 
REVIEW OF LITERATURE 
The existence of trehalose has been known for over a century. 
However, it was not found in the hemolymph of insects until the last two 
decades. The monumental work of Wyatt, Loughheed, and Wyatt (1956) 
showed that this substance was trehalose, a disaccharide of glucose. 
Wyatt and Kalf (1957) demonstrated that the hemolymph concentra¬ 
tions of glycogen, glucose, and trehalose varied between, and even with¬ 
in, species of insects. In a review by Evans and Dethier (1957), the 
trehalose concentration in the hemolymph of the blowfly was shown to 
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vary from 1.25 mg/ml to 30 mg/ml. The work of Clegg and Evans (1961) 
further demonstrated that exercise in insects could cause a decrease in 
the glucose and trehalose hemolymph concentrations. The trehalose hemo¬ 
lymph concentration in the blowfly, Pharmia regina, was found to be 27.1 
mg/ml, while in one that had flown for three hours it decreased to 4.59 
mg/ml. The American cockroach, Periplaneta americana, was found to have 
a trehalose hemolymph concentration some threefolds greater than the 
glucose concentration. Jungreis and Wyatt (1972) demonstrated a trehalose 
hemolymph concentration of 16.70 mg/ml in the cockroach, Blaberus 
discoidalis. Wyatt (1967), reported that in the silkworm, Bombyx mori, 
the glycogen hemolymph concentration ranged from zero to 55 mg/ml and 
the levels of blood sugars ranged from zero to 4.19 mg/ml. 
In a review by Wharton and Lola (1965) on the relative changes of 
the blood volume and water content of the American cockroach, P. americana, 
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it was noted that the percentage remained relatively stable in the fed 
insects. After the first week, it increased to a significant degree in 
starved insects, especially after the sixth day of starvation. Injections 
of water into the cockroach, Blaberus craniifer, caused the blood trehalose 
level to rise (Bowers, 1962; Steele, 1961). 
Glycogen was first demonstrated in insects by Babers and Bernard 
(1941) who described the larvae of asticots as veritable sacks of glycogen. 
Evans and Dethier (1957) reported finding glycogen in the blowfly Lucilia 
sericata. Typical data on the silkworm, B. mori, indicates the glycogen 
hemolymph levels to be as low as zero to 55 mg/100 ml of plasma. The 
glycogen content of the flight muscle in male ]?. americana is 1,360 mg 
glucose equivalents per 100 g of muscle. Most of the glycogen is thought 
to come from the fat body and muscle tissue (Polacek, 1960). Various 
methods have been described for the determination of glycogen in small 
amounts of tissue and in tissue of low glycogen content (Good, Kramer, 
and Somogyi, 1932; Seifter, 1950; Balmain, Biggers and Claringbold, 
1955). According to Howden and Kilby (1960) the reducing substance found 
in insects hemolymph are mainly not sugars or glycogen but amino acids, 
such as tryptophan and proline. 
CHAPTER III 
MATERIALS AND METHODS 
Materials 
All experiments were performed on the adult cockroach, Blaberus 
craniifer (Burmeister) which were raised at room temperature in plastic 
containers of the same size. The bottom of the containers were filled 
with 1 inch of 50:50 mixture of vermiculite and sand. Water was placed 
in small jars filled with absorbent cotton and inverted on Petri dish 
tops lined with cotton. Food was available to the cockroaches at all 
times, except for the starved group. 
The cockroaches were divided into four groups: Group I - fed 
controls, Group II - increased carbohydrate diet, Group III - decreased 
carbohydrate diet, and Group IV - starved; water only. The nutrient 
content of each diet was as follows: 
Group I (controls) - Gerber's 
mixed baby cereal 




Crude Fiber 1.2% 




Group II (increased carbohydrate diet) - Gerber's 
mixed baby cereal plus 10% starch 
Group III (decreased carbohydrate diet) - Gerber's 
high protein cereal plus 10% gelatin 





Group IV - Starved, water only 
All optical densities were measured on a Coleman Junior II- 
Spectrophotometer. The anthrone reagent (0.2% anthrone solution in 95% 
sulphuric acid) was freshly prepared each day. 
As stated earlier, our research encompassed two main areas: (1) 
the determination of glycogen, glucose, and trehalose concentrations in 
the hemolymph, and (2) to determine the concentration of glycogen in the 
muscle. These were measured under the various diets as stated above. 
Glycogen hemolymph concentration. 
Glycogen was estimated colorlmetrically with the anthrone reagent, 
following closely the method of Wyatt and Kalf (1957). However, the 
volume of the reagents used was doubled while maintaining the same ratio 
in order to allow the glycogen to be measured colorlmetrically on the 
Coleman spectrophotometer. In addition, the glycogen precipitate was 
Methods of Procedure 
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dissolved in 0.70 ml of 5% trichloroacetic acid (TCA), as suggested by 
Balmain, Biggers, and Claringbold (1955) which reduces the amounts of an- 
throne reactive substances other than true glycogen. The samples were 
handled in the following manner: the alcohol insoluble residues were 
suspended in 0.2 ml of 30% KOH and heated in boiling water for 20 min; 
0.8 ml of 80% ethanol was added and the mixture was warmed at 75 C to 
flocculate the precipitate. The samples were then cooled in cold water for 
5 min and centrifuged at 3500 rpm for 20 min. The precipitate was then re¬ 
dissolved in 0.7 ml of 5% TCA and its glycogen content determined with anthrone. 
Glucose hemolymph concentrations. 
Glucose determination was performed by using the Glucostat method 
developed by Worthington Biochemical Corporation, Freehold, New Jersey. 
This method uses the enzyme, glucose oxidase, to produce hydrogen per¬ 
oxide and gluconic acid. Hydrogen peroxide in the presence of reduced 
chromogen causes the oxidation of the chromogen, as indicated by the 
production of a yellow color reaction. 
The following preliminary experiments were performed to determine, 
(a) the optimum wavelength for measuring the optical density, and (b) the 
optimum time and temperature for color development. To determine the 
optimum wavelength, the above procedure was followed by using a 1.0 
mg/ml glucose stock solution. This stock solution was used to measure 
the optical densities at wavelengths ranging from 340 to 600 nm at 20 nm 
intervals. 
The glucose standard curve was determined by using glucose solu¬ 
tions of the following concentrations: 0.20, 0.40, 0.60, 0.75, 0.80, 
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1.0, 1.5, 2.25, and 3.0 mg/ml. The procedures were the same as above 
except that color development was performed at 37 C. 
Trehalose hemolymph concentration. 
Trehalose was measured colorimetrically with the anthrone reagent, 
following closely the method of Wyatt and Kalf (1957). 
To determine the optimum wavelength for measuring the optical 
density, a single 0.4 mg/ml trehalose solution was treated as above and 
measured at wavelengths ranging from 600 to 800 nm at 20 nm intervals. 
To determine the optimum time for color development, separate, 0.4 mg/ml 
trehalose solutions tested above were placed in the boiling water bath 
for 0, 2, 5, 10, 15, and 30 min. The samples not placed in the boiling 
water bath were placed in an ice water bath for 2 min. 
The trehalose standard curve was determined using trehalose 
solutions of the following concentrations: 0.20, 0.40, 0.60, 0.75, 0.80, 
1.0, 1.5, 2.25, and 3.0 mg/ml. The final test procedures were the same 
as above. 
Glycogen muscle determination. 
Two dorsal hindlimbs were taken from individual cockroaches and 
the glycogen content determined as follows: muscle tissue taken from the 
dorsal hindlimb was weighed and digested in 0.40 ml of 30% KOH by heating 
the tubes in boiling water for 30 min. Glycogen was precipitated by the 
addition of a warm solution of 0.80 ml 80% ethanol. The mixture was 
centrifuged at 3500 rpm for 30 min. The supernatant was decanted and 
the tubes drained for 15 min on blotting paper. Each tube was treated 
with 2.5 ml of 5% TCA and centrifuged at 3500 rpm for 20 min. The 
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supernatant was decanted into a small Pyrex test tube where it was subjected 
to the anthrone reagent and its glycogen content determined colorimetrically 
by the Coleman II spectrophotometer at 620 nm. 
The glycogen concentration of the hemolymph as well as the muscle 
was determined from the same cockroach. Hemolymph samples were taken from 
the base of the dorsal hindlimb, placed into a 5 ml beaker and weighed. 
Muscle tissue was taken from the paired legs of the dorsal hindlimb and 
its weight recorded. The concentrations of both hemolymph and muscle 
glycogen were expressed as mg %. 
The glucose and trehalose concentrations of the hemolymph were 
determined on identical samples taken from the base of the dorsal hindlimb. 
The samples were then placed in 5 ml beakers and weighed on an analytical 
balance. The weight of the sample was converted into volume by assuming 
the densities of the hemolymph to be 1.0 gm/ml. The procedures followed 
for the glucose and trehalose determination were the same as stated 
earlier, except that the volume of the sample had to be taken into account 
in calculating the concentrations. The sample size, on the whole, was 
much smaller than the 0.1 ml volume used in determining the standard 
curve. The sugar concentrations were expressed as mg/ml. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Standard curve determination. 
Maximum absorbence of glucose standards using the glucostat method 
was at a wavelength of 400 nm and better color development was observed 
at 37 C instead of the 25 C suggested by the procedure. A time period of 
10 min was chosen for the final test procedure. 
The maximum absorbency for the trehalose standards, using the 
anthrone method, was at a wavelength of 620 nm. Since there were no 
significant changes in absorbency, an optimum time period of 10 min 
was selected for the final test procedure. 
The maximum absorbency for the glycogen standards, using the 
anthrone method, was at a wavelength of 620 nm. The optimum time for 
color development was 10 min at 100 C. 
Sugars content of the hemolymph. 
Glucose and trehalose concentrations were calculated using the 
following formula: 
C = (optical density) x (O.D, factor) 
sample volume (ml) 
where the O.D. factor is the slope of the standard curve (mg/optical 
density unit) and C equals the concentration of glucose or trehalose 
expressed as mg/ml. Statistical analysis was performed on all data (T- 
test for independent mean and F-test for homogeneity of independent 
variances, program V0 6) at the Atlanta University computer center. 
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Glycogen content of hemolymph. 
Glycogen concentration was calculated by linear extrapolation of 
the concentration of the standard against the absorbency of the sample. 
Computation for each determination was performed on an Olivetti minicom¬ 
puter (model P-652). The concentration was expressed as mg%. 
Glycogen content of muscle. 
Glycogen concentration was calculated by a linear extrapolation 
of the concentration of the standard against the absorbency of the sample. 
The concentration was expressed as mg%. 
Table 1 shows the trehalose and glucose hemolymph concentrations 
of the controls (Group I). The concentrations were expressed as mg/ml. 
The mean value for the trehalose concentration was 6.34 mg/ml, while the 
mean value for the glucose concentration was 1.84 mg/ml. The mean ratio 
(T:G) was 4:1. 
Table 2 shows the trehalose and glucose concentrations of the in¬ 
creased carbohydrate diet (Group II). The concentrations were expressed 
as mg/ml. The mean value for the trehalose concentration was 6.50 mg/ml, 
while the mean value for the glucose concentration was 1.91 mg/ml. The 
mean ratio (T:G) was 3:1. 
Table 3 shows the trehalose and glucose hemolymph concentrations 
of the decreased carbohydrate diet (Group III). The concentrations were 
expressed as mg/ml. The mean value for the trehalose concentration was 
5.15 mg/ml, while the mean value for glucose concentration was 1.38 mg/ml. 
The mean ratio (T:G) was 4:1. 
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Table 1. Trehalose and glucose concentrations in the hemolymph of adult 
1Ï. craniifer fed a control diet of Gerber’s mixed baby cereal 
for 7 days. 
Animal No. 
Trehalose Glucose Ratio 
mg /ml mg/ml 
1 6.90 1.87 4:1 
2 6.13 1.63 4:1 
3 6.76 1.96 3:1 
4 4.17 2.80 2:1 
5 7.98 1.98 4:1 
6 6.59 1.60 4:1 
7 6.39 1.56 4:1 
8 6.10 1.68 4:1 
9 5.83 1.68 3:1 
10 6.77 1.56 4:1 
Mean = 6.34 1.84 4:1 
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Table 2. Trehalose and glucose concentrations in the hemolymph of adult 
li. craniifer fed an increased carbohydrate diet for 7 days. 
Trehalose Glucose Ratio 
Animal No. mg/ml mg/ml 
1 6.78 2.03 3:1 
2 9.30 2.50 4:1 
3 8.11 1.92 4:1 
4 7.50 2.23 3:1 
5 4.65 1.63 3:1 
6 6.82 2.67 3:1 
7 5.64 1.52 4:1 
8 4.34 1.50 3:1 
9 5.74 1.25 5:1 
10 6.03 2.08 3:1 
Mean = 6.50 1.91 3:1 
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Table 3. Trehalose and glucose concentrations in the hemolymph of adult 
li. craniifer fed a decreased carbohydrate diet for 7 days. 
Animal No. 
Trehalose Glucose Ratio 
mg/ml mg/ml 
1 5.14 1.00 5:1 
2 5.17 1.25 4:1 
3 7.40 1.29 6:1 
4 5.22 1.32 4:1 
5 4.50 1.38 3:1 
6 4.79 1.50 3:1 
7 4.65 1.25 4:1 
8 4.29 1.57 3:1 
9 5.27 2.00 3:1 
10 4.03 1.25 3:1 
Mean = 5.15 1.38 4:1 
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Table 4 shows the trehalose and glucose hemolymph concentrations 
of the starved cockroaches (Group IV). The concentrations were expressed 
as mg/ml. The mean value for the trehalose concentration was 11.48 mg/ 
ml, while the mean value for glucose concentration was 5.15 mg/ml. The 
mean ratio (T:G) was 2:1. 
Table 5 shows the glycogen concentration found in the muscle and 
hemolymph of the controls (Group I). The concentrations are expressed 
as mg%. The mean value for the muscle glycogen concentration was 10.27 
mg%, while the mean value of the hemolymph glycogen concentration was 
0.66 mg%. The mean ratio (M:H) was 16:1. 
Table 6 shows the glycogen concentration found in the muscle and 
hemolymph of the increased carbohydrate diet (Group II). The concentra¬ 
tions are expressed as mg%. The mean value for the muscle glycogen con¬ 
centration was 21.59 mg%, while the mean value for the hemolymph glycogen 
concentration was 0.71 mg%. The mean ratio was 30:1. 
Table 7 shows the glycogen concentration found in the muscle and 
hemolymph of those cockroaches fed on decreased carbohydrate diet (Group 
III). The mean value for the muscle glycogen was 6.51 mg%, while the 
mean value for the hemolymph glycogen concentration was 0.45 mg%. The 
mean ratio was 15:1. 
Table 8 shows the glycogen concentration found in the muscle and 
hemolymph of the starved animals (Group IV). The mean value for the 
muscle glycogen concentration was 4.02 mg%, while the mean value of the 
hemolymph glycogen was 0.25 mg%. The mean ratio was 16:1. 
Figure 1 illustrates the various levels of glucose found in the 
hemolymph of the controls, increased carbohydrate diet, decreased 
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Table 4. Trehalose and glucose concentrations in the hemolymph of adult 
B. craniifer starved for 7 days. 
Animal No. 
Trehalose Glucose Ratio 
mg/ml mg/ml 
1 11.35 5.23 2:1 
2 10.61 5.13 2:1 
3 9.66 3.92 3:1 
4 10.51 4.64 2:1 
5 8.86 4.48 2:1 
6 16.48 6.07 3:1 
7 12.53 5.64 2:1 
8 12.27 5.23 2:1 
9 10.12 5.60 2:1 
10 12.38 5.60 2:1 
Mean = 11.48 5.15 2:1 
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Table 5. Glycogen concentrations in muscle and hemolymph of adult JB. 
craniifer fed a control diet of Gerber's mixed baby cereal 
for 7 days. 
Animal No. 
Muscle Hemolymph Ratio 
mg% mg% 
1 13.00 0.80 16:1 
2 13.00 0.80 16:1 
3 6.00 0.83 7:1 
4 13.00 0.63 21:1 
5 13.00 0.58 22:1 
6 5.00 0.70 7:1 
7 13.00 0.63 21:1 
8 14.00 0.70 20:1 
9 6.00 0.68 9:1 
10 12.00 0.40 30:1 
Mean = 10.27 0.66 16:1 
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Table 6. Glycogen concentrations in the muscle and hemolymph of adult 
IJ. craniifer fed an increased carbohydrate diet for 7 days. 
Animal No. 
Muscle Hemolymph Ratio 
mg % mg% 
1 19.20 0.75 26:1 
2 17.50 0.64 27:1 
3 9.32 0.68 14:1 
4 14.77 0.71 21:1 
5 67.27 0.64 105:1 
6 49.55 0.86 58:1 
7 9.66 0.64 2:1 
8 8.64 0.71 12:1 
9 9.32 0.68 14:1 
10 10.68 0.82 13:1 
Mean = 21.59 0.71 30:1 
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Table 7. Glycogen concentrations in the muscle and hemolymph of adult 
1$. craniifer fed a decreased carbohydrate diet for 7 days. 
Muscle Hemolymph Ratio 
Animal No. mg% mg% 
1 7.70 0.50 15:1 
2 11.40 0.50 22:1 
3 0.70 0.24 3:1 
4 6.14 0.74 8:1 
5 0.44 0.24 2:1 
6 0.61 0.41 2:1 
7 5.71 0.50 11:1 
8 14.00 0.36 39:1 
9 6.86 0.48 14:1 
10 6.57 0.52 13:1 
Mean = 6.51 0.45 
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Table 8. Glycogen concentrations in the muscle and hemolymph of adult 
li. craniifer starved for 7 days. 
Animal No. 
Muscle Hemolymph Ratio 
mg% mg% 
1 3.64 0.35 10:1 
2 3.86 0.31 13:1 
3 6.14 0.24 26:1 
4 2.82 0.31 9:1 
5 3.64 0.21 17:1 
6 7.27 0.33 22:1 
7 3.18 0.19 17:1 
8 5.00 0.19 26:1 
9 1.09 0.24 5:1 
10 3.64 0.21 17:1 
Mean = 4.02 0.25 16:1 
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ig. I. Glucose concentration in the hemolymph 
f J3- craniifer expressed as mg/ml. 
1R0UP I “ Controls 
ROUP II - Increased carbohydrate diet 
ROUP III - Decreased carbohydrate diet 
ROUP IV - Starved, water only 
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carbohydrate diet, and starved groups. The mean concentration of glucose 
for each group was 1.84 mg/ml, 1.91 mg/ml, 1.38 mg/ml, and 5.15 mg/ml, 
respectively. 
Figure 2 illustrates the various levels of trehalose found in the 
hemolymph of the controls, increased carbohydrate diet, decreased carbo¬ 
hydrate diet, and starved groups. The mean concentration of glucose for 
each group was 6.34 mg/ml, 6.50 mg/ml, 5.14 mg/ml, and 11.47 mg/ml, 
respectively. 
Figure 3 illustrates the mean (T/G) ratio of the controls, in¬ 
creased carbohydrate diet, decreased carbohydrate diet, and starved diet. 
The controls are plotted against the starved group and the increased 
carbohydrate diet plotted against the decreased carbohydrate diet. The 
line connecting the ratio values represents the respective gradients. 
Figure 4 illustrates the various levels of glycogen found in the 
hemolymph of the controls, increased carbohydrate diet, decreased car¬ 
bohydrate diet, and the starved group. The mean concentration of the 
hemolymph glycogen for each group was 0.66 mg%, 0.71 mg%, 0.45 mg%, and 
0.25 mg%, respectively. 
Figure 5 illustrates the various levels of glycogen found in the 
muscle of the controls, increased carbohydrate diet, decreased carbo¬ 
hydrate diet, and the starved group. The mean concentration of muscle 
glycogen for each group was 10.27 mg%, 21.59 mg%, 6.51 mg%, and 4.02 mg%, 
respectively. 
Figure 6 illustrates the mean ratio of muscle to hemolymph glycogen 
with the control ratio of 15:1 plotted against the starved ratio of 16:1. 
The mean ratio of the increased carbohydrate diet of 30:1 is plotted 
Fig.2. Trehalose concentration in the hemolymph 
of B. craniifer expressed as mg/ml. 
GROUP I * Controls 
GROUP II ~ Increased carbohydrate diet 
GROUP III " Decreased carbohydrate diet 
GROUP IV “ Starved, water only 
0 
DIETS 
Fig.3* Trehalose to glucose ratio derived from 
the mean concentration found in the hemolymph 
of j3. croniifer. 
A " Controls 
A ’ Starved, water only 
• - Increased carbohydrate 
0~ Decreased carbohydrate 
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Fig. 4. Hemolymph glycogen concentration in 
EL craniifer expressed as mg %. 
GROUP I ~ Controls 
GROUP II* Increased carbohydrate 
GROUP III * Decreased carbohydrate 
GROUP IV* Starved, water only 
Fig.5 Leg muscle glycogen concentration in 
B_. craniifer expressed as mg % 
GROUP I ■ Controls 
GROUP II - Increased carbohydrate 
GROUP III" Decreased carbohydrate 











Fig 6. Glycogen ratios derived from the mean 
concentration found in muscle ( M) and 
hemolymph (H) of B. craniifer. 
A * Control 
A " Starved,water only 
# - Increased carbohydrate 
O " Decreased carbohydrate 
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against the decreased carbohydrate diet of 15:1. The lines connecting 
the respective groups represent their respective gradient. 
CHAPTER V 
DISCUSSION AND CONCLUSIONS 
The reducing power of insect blood has been shown to vary in a 
regular way with age in holometabolous insects (Howden and Kilby, 1960). 
Evans and Dethier (1957) reported trehalose values that ranged from 1.25 
to 30.0 mg/ml. The age and embryonic development of an insect is an 
important factor which affects the hemolymph sugar levels. This has 
been shown to be the case in the grasshopper egg (Randall and Derr, 1965) 
in the silkworm (Florkin and Jenniavx, 1964) and in Blaberus craniifer 
(Bowers, 1962). Furthermore, the work of Kilby (1963) demonstrated that 
the use of various diets could a£fect the homogeneity of sugar levels in 
the hemolymph of the locust, Schistocerca gregaria. 
As stated above, the age, embryonic development, and the type of 
diet are important factors in deriving homogeneity of the sugar levels. 
Therefore, by using only adult IÏ. craniifer, it was hoped that the variance 
due to time of molting could be substantially reduced. In addition, fed 
insects received a basic carbohydrate diet; although the percentage of 
carbohydrate varied in each group. 
Contrary to findings supported by Wyatt (1967) where the trehalose 
values ranged from 1.25 to 30.0 mg/ml, the values of our control group 
of fed B. craniifer were very consistent and in close agreement with 
those values reported by Bowers (1962). Our results show that the mean 
concentration in the control group for trehalose was 6.34 mg/ml (4.17-7.98 
mg/ml). We consider this a narrow range when compared with other insects. 
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The variance that we did find in _B. craniifer may have been due to 
activity differences between individual cockroaches since they were 
chosen at random from a large colony. Clegg and Evans (1961) showed that 
exercise (flying) in the blowfly caused a decrease of trehalose in the 
hemolymph. Thus, we suggest that when cockroaches are fed a diet in which 
a given component remains relatively constant and the source of these 
components (hemolymph or muscle) are removed rather rapidly and sub¬ 
sequently analyzed, the degree of variation will decrease. Furthermore, 
Wyatt (1961) reported that there is an injury effect which causes a 
temporary elevation in sugar concentrations with a subsequent decline to 
normal levels. 
Wharton and Lola (1965) showed that the relative water content of 
starved Periplaneta americana. was significantly increased especially 
after the sixth day of starvation. Bowers (1962) reported that an in¬ 
jection of water could cause a significant increase of trehalose with a 
concomitant increase of glucose. Since we found an increase in the tre¬ 
halose and glucose concentration in the starved group of cockroaches, we 
propose that the same phenomenon occurred in II. craniifer starved for a 
period of seven days with water being available at all times. In addi¬ 
tion, our data suggest that glycogen plays a major role in elevating the 
trehalose: glucose ratio. The levels of glycogen in both compartments, 
hemolymph and muscle, are significantly decreased in the starved cock¬ 
roaches. Therefore, this highly suggests that glycogen is being broken 
down to form glucose which is in turn converted into trehalose. 
Glycogen is one of the main carbohydrate reserves in insects, 
although its structure in insects is not known (Gilmore, 1961). It may 
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occur in the free and bound form or in several other forms. Glycogen is 
the main source of trehalose in the blood of insects. Consequently, 
extracts prepared from the corpora cardiaca cause the trehalose concen¬ 
tration of the blood to increase and the body glycogen to decrease 
(Bowers, 1962; Steele, 1961). The major portion of glycogen is stored 
in the fat body and to some extent in the muscle tissue. Polacek (1960) 
and Kubista and Bartos (I960) reported that the glycogen content in red 
flight muscle of P. americana (before flight) was 1,360 mg of glucose 
equivalents per 100 g of muscle. The glycogen content that we found in 
B.. craniifer hind limb (10.27 mg?, control group) was considerably less 
than that reported by Polacek. This suggest that in the same type of 
muscle (red), the distribution of glycogen must differ considerably, 
most likely due to the specific action of the groups of muscles being 
studied. In our investigation, the glycogen content of hindlimb muscle 
(red) was compared with the glycogen concentration in the hemolymph of 
individual cockroaches, craniifer. In addition, the effect of various 
carbohydrate diets on the glycogen content of these two parameters was 
analyzed. The mean value of glycogen found in the muscle of the controls 
was 10.27%. In the hemolymph, the mean glycogen content was 0.66 mg%. 
In all of the groups studied in this investigation, the hemolymph 
glycogen content was at the lower end of the range of concentrations 
(0.25-0.71 mg%) as reported by Wyatt (1967). Therefore, we would conclude 
that in li. craniifer glycogen is primarily stored in the fat body and 
muscle tissue with only trace amounts circulating in the hemolymph. 
The hemolymph and muscle glycogen were essentially the same in 
Groups I, II, and III but varied significantly in the starved animals 
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(P = 0.00, Group IV). As for muscle, the levels of glycogen found in 
each group was esentially the same except for the starved group (P = 
0.00). As stated earlier, it appears as though there is a concrete 
relationship between the elevated trehalose: glucose ratio and the 
levels of glycogen in both hemolymph and muscle tissue during periods 
of starvation. Furthermore, this highly suggests that 15. craniifer is 
attempting to maintain a relatively constant trehalose: glucose ratio. 
Despite the relative rise or decrease in the trehalose: glucose ratio, 
there are no drastic changes in this overall relationship in any of the 
four diets. 
The levels of glycogen that we found in the hindlimb muscle 
tissue extracts of adult J$. craniifer are substantially lower than those 
values reported by earlier investigators on the glycogen muscle content 
of flight muscle tissue of P. americana (Polacek, 1960; Kubista and 
Bartos, 1960; Chefurka, 1964). As stated earlier, the glycogen content 
of muscle tissue in cockroaches can vary greatly and, therefore, its 
concentrations would vary accordingly. Indeed, our investigation sub¬ 
stantiates this notion. Furthermore, the technique used by earlier in¬ 
vestigators in determining glycogen levels in muscle tissue extract 
acknowledged the fact that their glycogen levels might have been over¬ 
estimated by anthrone-reactive substances other than true glycogen 
(Balmain, Biggers, and Claringbold, 1955; Wyatt and Kalf, 1957; Seifter, 
1950). These investigators pointed out that proteins which are precipi¬ 
tated along with glycogen in 60% ethanol are likely to cause an over¬ 
estimation of glycogen. However, by utilizing 5% TCA, which precipitates 
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protein interfering substances such as tryptophan, the amount of over¬ 
estimation could be significantly reduced (Seifter, 1950). 
The levels of glycogen found in the hemolymph of in vitro glycogen 
isolates in the adult cockroaches, B. cranilfer, were compatible with 
earlier findings which stated that insect glycogen hemolymph could range 
from zero to 55 mg% (Wyatt, 1967). In IÎ. cranilfer, the range was from 
0.25 mg% to 0.71 mg%. In addition, TCA was used to reduce the amount of 
anthrone-reactive interfering substances for reasons stated above. 
CHAPTER VI 
SUMMARY 
The following statements are based upon the dietary preparations 
used In this Investigation. 
1. The glucose concentration In the hemolymph of starved adult 
B. cranllfer Is significantly Increased In relation to fed 
cockroaches on control or experimental diets for seven days. 
2. There Is a substantial decrease of glucose In the hemolymph 
of adult B. cranllfer when they are placed on a decreased 
carbohydrate diet for seven days. 
3. The glucose concentration In the hemolymph Is not significantly 
changed in adult JB. cranllfer If their dietary carbohydrate 
content Is Increased above control levels during a feeding 
period of seven days. 
4. The trehalose in the hemolymph of starved adult JB. cranllfer 
Is significantly increased in relation to fed cockroaches on 
control or experimental diets for seven days. 
5. There is a moderate decrease of trehalose in the hemolymph 
of adult Ji. cranllfer when they are placed on a decreased 
carbohydrate diet for seven days. 
6. The trehalose concentration in the hemolymph is not signifi¬ 
cantly changed in adult 1Ï. cranllfer if their dietary carbohydrate 
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content is increased above control levels during a feeding 
period of seven days. 
7. The glycogen concentration in the hemolymph of starved B. 
craniifer is significantly increased in relation to fed cock¬ 
roaches on control of experimental diets for seven days. 
8. There is a substantial decrease of glycogen in the hemolymph 
of adult 15. craniifer when they are placed on a decreased car¬ 
bohydrate diet for seven days. 
9. The glycogen concentration in the hemolymph is not signifi¬ 
cantly changed in adult 15. craniifer if their dietary carbo¬ 
hydrate content is increased above control levels during a 
feeding period of seven days. 
10. The glycogen concentration in the muscle of starved adult 15. 
craniifer is significantly decreased in relation to fed cock¬ 
roaches on control or experimental diets for seven days. 
11. The glycogen concentration in the muscle is not significantly 
changed in adult B. craniifer if their dietary content is 
increased or decreased above or below control levels during 
a feeding period of seven days. 
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